Two basic experiments defined a long-day inhibitory effect on Xanthium flowering: the basal half of a single leaf on long day inhibits response of the tip half to a short day; and a long-day leaf inhibits response of a short-day leaf, providing it is between the short-day leaf and a receptive bud (whether above or below the short-day leaf). Five Evidence with "4C-labeled assimilates disputes the hypothesis that translocational and dilutional effects cause inhibition (9). He suggested that abscisic acid may be the short-day inhibitor in Lolium (7).
Xanthium strumarium (cocklebur) has been widely used in flowering research, but seldom have inhibitor studies used this plant. Perhaps this is because evidence for a promotive florigen is so strong in this plant (23) , and inhibitor studies have traditionally used plants requiring several inductive cycles (18) . Hamner and Bonner in 1938 (14) indicated that fully expanded leaves under long-day conditions on receptor branches of twobranched plants were inhibitory to floral evocation! of a donor branch subjected to an inductive photoperiod. In 1956, Lincoln, Raven, and Hamner (19) used the same donor-receptor system, finding that inhibition could be quantitatively related to the amount of mature leaf area exposed to long-day conditions, carbohydrate movement toward the receptor branch was necessary for its evocation, and immature leaves were capable of inhibition. Days incorporating 7¼4 hr of darkness or less were inhibitory to their receptor branches, and only a 1This project was supported by Grant GB-15291 from the National Science Foundation. The work was submitted by the senior author in partial fulfillment of the requirements for the degree of Master of Science. Journal Paper 1057, Utah State Agricultural Ex- periment Station. 'Evocation is a term suggested by L. T. Evans (8) . The term is meant to describe the processes at the stem apex that cause the morphological change, committing the bud to a state of flowering. Evidence with "4C-labeled assimilates disputes the hypothesis that translocational and dilutional effects cause inhibition (9) . He suggested that abscisic acid may be the short-day inhibitor in Lolium (7).
Chailakhyan in 1945 (3) induced various parts of a single leaf of Perilla, while other parts remained under noninductive conditions. The basal leaf half could strongly induce flowering under short days, even when the tip half was under long days, but the reverse was not true. Harder, Westphal, and Behrens (16) obtained similar results with Kalanchoe. In addition, they showed that flowering resulted when the apical half was induced, providing basal leaf tissue was trimmed off.
In related experiments Lona (20) demonstrated that induction of the apical half of the Perilla leaf did not render the basal part effective as a donor in grafting experiments. The basal and apical halves could exist side by side in the leaf without affecting one another.
Inhibition may also be the result of interference with translocation of florigen to the bud. Chilakhyan and Butenko (4) correlated movement of 14C-labeled assimilates and flowering of Perilla. Conditions promoting transport of assimilates from induced leaves to the buds also promoted flowering; conditions that blocked this translocation were inhibitory.
In the present study, two experiments clearly indicate a long-day inhibitory effect in flowering of Xanthium. Five hypotheses were devised to account for this effect. Experiments
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nating all but one. Further experiments were performed to study the properties of this long-day inhibition.
MATERIAlS AND METHODS
Culture methods have been described (22) . To (22) . The temperature during treatment was 23 C, unless stated otherwise.
Plants used in the iron deficiency experiment (no. 11) were transplanted to pots containing washed perlite, and the pots were placed in plastic-coated steel trays containing Hoagland's solution minus iron to a depth of 1/2 inches. After marked iron deficiency symptoms appeared, iron chelates corrected the chlorosis within 24 hr. Because iron moves very slowly except in the xylem, it was possible to correct the deficiency in one or more leaves by foliar application of iron chelate without correcting the deficiency in other parts of the plant. The leaves were dipped in a solution of 4 g/liter iron chelate [Geigy Sequestrene 138 Fe, active ingredient: technical sodium ferric ethylenediamine di-(o-hydroxyphenylacetate)], and the excess was blotted off.
RESULTS AND DISCUSSION
In experiment 1, basal or tip halves of leaf 3 were covered for 16 hr, normally an optimal inductive dark period. Unshaded areas were kept in continuous incandescent light of about 15 ft-c intensity. Plants with the basal halves covered flowered only slightly less than controls with entire leaves covered ( Fig. 1 ), but plants with the tip half covered were completely vegetative.
Experiment 2 tested the ability of leaf 2 to inhibit flowering when leaf 3 was induced. Leaf 2 was removed from controls. Leaf 3 was induced, but leaf 2 received 10 ft-c of continuous incandescent light. Leaf 2 completely inhibited the action of the induced leaf 3. Hence we confirm that immature leaves are capable of strongly inhibiting the photoperiodic stimulus (19) .
We were able to propose the following five hypotheses to account for the results of experiments 1 and 2.
1. The tip half of the leaf is not capable of induction (experiment 1).
2. An inhibitor is produced on long days that inhibits production of promoter by short days (as in Schwabe's experiments [24] ). 3 . The apparent inhibitory effects depend upon florigen moving only with the assimilate stream. For example, longday tissue may be acting as an assimilate source (photosynthesizing) in such a manner that assimilate from the short-day tissue cannot reach the bud. Altematively, under some conditions (low light intensity), the long-day tissue may be acting as a sink for assimilate produced by the short-day tissue.
4. There is a long-day-produced, translocatable inhibitor. 5. A substance or condition inhibitory to flowering is produced on long days, and its effect is localized near the tissues in which it originates.
Experiment 3 was designed to test the first two hypotheses. In all cases the tip half of leaf 3 was covered for 16 hr. In treatment 3, tissue was removed from the basal half (leaving no leaf tissue on the veins) before covering the tip half; in treatment 4, basal tissue was exposed to 2-ft-c incandescent light during induction of the tip and then removed. The first two treatments (Fig. 3) demonstrate the same promotion and inhibition as in experiment 1, but flowering occurred in treatments 3 and 4, where the leaf tissue of the basal half of the leaves was removed. The tip half of the cocklebur leaf is therefore fully capable of induction, eliminating the first hypothesis. If inhibition were due to some action of an inhibitor on the subsequent production of a promotive factor, plants in treatment 4 would not have flowered because the long-day tissue was removed after the tip half of the leaf had been induced. This eliminates the second hypothesis. (Note that controls in this experiment flowered considerably less than in some other experiments. This is correlated with time of year-lowest in winter-and is familiar from previous work.)
The question of assimilate translocation was studied in several ways. Experiment 3 has bearing on the hypothesis. If the long-day tissue (the base of the leaf) were acting as an assimilate source and the bud and the short-day tissue as sinks, then the long-day tissue would have to be actively photosynthesizing. Yet the long-day inhibtion is almost complete with only 2 ft-c of incandescent light, certainly far below the compensation point.
What is the threshold light intensity of the inhibitory response compared to the threshold intensity for promotion? were all given an inductive 16-hr dark period along with controls in which the leaves remained free. The results (Fig. 4) Lincoln et al. (19) reported that the critical day for inhibition was longer than that for promotion ( Figure 8 shows that the critical day for inhibition under our conditions is the same as that for promotion.
In experiment 9, the entire leaf was given a 16-hr dark treatment, interrupted only on the basal half with 5 min of incandescent light at 50 ft-c. These light breaks were given to various groups of plants at 2-hr intervals throughout the dark period (Fig. 9) . The Figure 10 , the expected long-day inhibition is clear cut (compare treatments 1 and 3), but inhibition brought about by the leaf with the burned petiole is only slight (probably insignificant). It is important to note that that most of the no. 2 leaves with burned petioles appeared healthy and turgid for several days (75% were turgid after 10 days). Experiment 11 was designed to study the effect of iron deficiency on inhibition. It was known that iron-deficient plants could not be induced to flower, or that they flowered abnormally even though they were placed in normal nutrient solutions immediately following the photoinductive period (26) . This result was apparently not due to low levels of carbohydrate, since applied sucrose failed to overcome the inhibitory effects of iron deficiency. Figure 11 shows 
